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Description 

Technical Field 

5 [0001 ] The present invention relates to a process for producing butene polymer having high reactivity and being low 
in organic fluorine content, using boron trifluoride complex catalyst. More particularly, the invention relates to an Inex- 
pensive process for producing butene polymer containing 80 mol % or more of molecules having highly reactive termi- 
nal vinylidene structure and of low organic fluorine conterrt. by means of liquid-phase polymerization of hydrocarbons 
containing isobutene. 

10 

Background Art 

[0002] It is disclosed in U S. Pat No. 4.152.499 that polymer obtained by polymerizing pure isobutene using boron 
trifluoride complex catalyst. Is butene polymer containing double bonds of vinylidene structure in a high ratio and that 
15 maleic modification using maleic anhydride or the like can proceed efficiently. The maleic-nrKxJified polybutene dis- 
closed in this patent gazette is accepted as being preferable in view of its performancep economy and environmental 
protection as compared with the conventional maleic-modif ied polybutene that has been obtained through cNorination 
process. 

[0003] Accordingly, in recent years, there have been made many a proposal for producing polybutene having a 
20 large content of vinylidene-type double bonds, using boron trifluoride complex catalyst. Such butene polymer has excel- 
lent reactivity to maleic anhydride, in addition, it has also excellent adaptability to epoxidation or the like. 
[0004] It is more advantageous in view of economy to use butadiene raff inate obtained from large-scale production 
rather than the use of 1 00% pure isobutene as a starting material in order to obtain polybutene having larger content of 
vinylidene-type double bonds. However, the use of butadiene rafffinate as a starting material is not acceptable in that the 
25 amount of remained fluorine in polymer (hereinafter refen-ed to as "residual organic fluorine") that is prepared in the 
presence of boron trifluoride catalyst, is large. As this residual fluorine is organic fluorine, if the butene polymer of this 
type is used as an additive to fuel oil. fluorine compounds are produced during the combustion of the fuel oil and fluorine 
compounds are released into the air to cause possibly air pollution. 

[0005] Specifically, in the polymerization using boron trif luoride-methanol complex catalyst, when pure isobutene is 
30 used as a starting material, residual fluorine content is as low as 5 ppm or less, meanwhile H butadiene raffinate is used 
as a starting material, residual fluorine content is generally as high as 60 ppm or more, which is usually 90 to 120 ppm, 
[0006] In view of air pollution, because polymer containing such a high content of residual fluorine as mentioned- 
above is not preferable, polymer of low fluorine content is demanded. 

[0007] In U- S Patent No. 5.674.955; there is disclosed a method lor reducing the content of residual organic f luo- 
35 rine to a level lower than 40 ppm by subjecting raw material of butene mixture to polymerization after reducing 20% or 
more of 1 -butene content through catalytic hydroisomerisation. According to the disclosure on examples, however, even 
when 1 -butene content in feed material is reduced from 22% to 5% by weight, the organic fluorine content in polymers 
is barely reduced to 1 7 ppm. Furthermore, this method necessitates one additional process in order to reduce the con- 
tent of 1 -butene by pretreatment of starting material. 
40 [0008] PCT Put>lication WO 96/40808 discloses a method for reducing organic fluorine content by dividing the 
polymerization process into plurality of steps. However, this proposal is also economically unfavorable in view of costs 
for both equipment and operation because this also necessitates an additional process likewise the above-mentioned 
method. 

[0009] It is an object of the present invention to provide an efficient process for preparing butene polymer having 
45 high reactivity in maleic-modif ication and epoxidation and the, content of residual fluorine being reduced to an accept- 
able level for practical use without accompanying substantial increases in investment in equipment arxJ also in addi- 
tional cost for starting material 

Disclosure of Invention 

50 

[0010] Accordingly, a first aspect of the present invention relates to a process for preparing butene polymer which 
contains 80 mol % or more of polymer molecules having terminal vinylidene structure and less content of residual 
organic fluorine, which process comprises the following Steps (I) and (II): 

55 Step (I): carrying out a polymerization in the liquid phase at a temperature of -1 00**C to +50°C with a residence time 
of 5 minutes to 4 hours by introducing as a starting materia! a C4 fraction consisting of butene-1, butene-2, iso- 
butene and butanes into a polymerization zone, in which a complex catalyst composed of bKDron trrtluoride, ether 
and alcohol and/or water is present in a ratio of 0.05 to 500 mmol in terms of tx)rDn trifluoride relative to 1 mol of 
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1 olefinic components in the above starting material; and 

Step (II): reducing by distillation the amount of trimer and lighter components contained in the polymer obtained in 
said Step (I) to 0.2 % by weight or less. 

5 ^ [001 1] A second aspect of the present invention relates to a process for preparing butene polymer as described in 
the first aspect of the invention, wherein the starting material is C4 fraction comprising 10 to 40% by weight of butene- 
1 . t to 40% by weight of butene-2, 35 to 70% by weight of isobutene, 10 to 30% by weight of butanes and 0.5% by 
. weight or less of butadiene. A third aspect of the present invention relates to a process for preparing butene polymer as 
described in the first aspect of the invention, wherein the complex catalyst comprises boron trif luoride. ether, and alco- 

10 hoi and/or water in the molar ratio as defined by the following Equation (1), wherein the symbol x is a numeral in the 
range of 0.005 or more but less than 0.3. thereby reducing residual organic fluorine content to 30 ppm or less in terms 
of fluorine atom. 

(boron trif luoride) q 5;-, :(ether) :(alcohol and/or water) ^ Equation ( 1 ) 

15 

[0012] A fourth aspect of the present invention relates to a process for preparing butene polymer as described in 
the first aspect of the invention, wherein the ether comprises aliphatic ethers having 2 to 16 carbon atoms. 
[001 3] A fifth aspect of the present invention relates to a process for preparing butene polymer as described in the 
first or fourth aspect of the invention, wherein the ether comprises dialkyi ethers (two alkyi groups can be the same or 
20 different), the number of carbon atoms of each alkyI group is 1 to 8 and each carbon atom bound to oxygen atom is 
primary carbon atom. 

[0014] A sixth aspect of the present invention relates to a process for preparing butene polymer as described in the 
first aspect of the invention, wherein the alcohol conrtprises linear or branched chain aliphatic alcohols having 1 to 21 of 
carbon atoms. 

25 [001 5] A seventh aspect of the present invention relates to a process for preparing butene polymer as described in 
the first aspect of the invention, wherein the conversion of isobutene in the Step (I) is in the range of 60 to 100%. 
[0016] An eighth aspect of the present invention relates to a process for preparing butene polymer as described in 
the first aspect of the invention, wherein complex catalyst composed of boron trifluoride. ether; and alcohol and/or water 
is introduced into a polymerization zone with a ratio of 0.05 to 1 0 mnrK>t in terms of boron trifluoride with respect to 1 mol 

30 of olefin components of starting material in the Step (I). 

[001 7] A ninth aspect of the present invention relates to a process for preparing butene polymer as described in the 
first aspect of the invention, wherein the number average molecular weight of butene polymer is in the range of 500 to 
15,000- 

[0018] A tenth aspect of the present invention relates to a process for preparing butene polymer as described in the 
35 first aspect of the invention, wherein the complex catalyst comprises boron trifluoride, ether, and alcohol and/or water 
in the molar ratio as defined by the following Equation (II) in which the numeral x Is in the range of 0.005 or more but 
Less than 0. 1 . thereby reducing the content of residual organic fluorine to 1 0 ppm or less in terms of fluorine atom. 

(boron trifluoride) q q,^ q -(etl^eO ., :(alcohol and/or water) ^ Equation (2) 

40 

[0019] The present inventors have found out that it is possible to produce butene polymer containing less content 
of residual fluorine when complex catalyst composed of dialkyi ether singly as a complexing agent (hereinafter some- 
times referred to as "ether-type complex") is used. Due to the low catalyst activity; however, a relatively large amount of 
catalyst is required in order to maintain a high conversion rate for isobutene. 

45 [0020] On the other hand, when complex catalyst of singly alcohol or water (herein after sometimes referred to as 
"alcohol-type complex") is used as a complexing agent, it is possible to maintain a high conversion rate of polymeriza- 
tion, due to its high catalytic activity; with the amount of catalyst as small as 1 /2 to 1 /20 of the amount of ether-type com- 
plexes. However, when the alcohol-type complex is used for mixed butene as starting material, it causes problem that 
the content of residual fluorine in butane polymers increases. 

so [0021] The present invention provides a polymerization method, in which opposed effects can be produced in that 
the catalytic activity is high even when mixed butane is used as a starting material, what is more, the content of residual 
organic fluorine is small. 

[0022] Therefore, according to the present invention, when the complex comprising tx)ron trifluoride, ether, and 
alcohol and/or water (hereinafter sometimes referred to as '*ether/alcohol-type co-<;omplex") is used as catalyst and 
55 complex catalyst containing ether in which carbon atom bound to oxygen atom Is primary carbon atom, is more than 70 
mol % of the complexing agents, is used, although the mixed butene containing n-butenes such as butene-1 and 
butene-2 are used as the starting material, it is possible to maintain the catalytic activity at very high level as compared 
with ether-type complex catalyst such as boron trifluoride diethyl ether complex. It is also possible to reduce markedly 
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the content of residual organic fluorine in butene polymer as compared with the use of alcohol-type complex catalyst 
such as boron trifluoride methanol complex. 

[0023] Furthermore, the present inventors have found out surprisingly that when polymerization Is carried out using 
ether/alcohol-type co-complex catalyst, most organic fluorine in formed polymer is unevenly distributed into the fraction 

of isobutene trimer having 12 cartx)n atoms or lighter components. 

[0024] Based on these findings, it is possible to attain the Intended reaction with small amount of catalyst by using 
ether/alcohol-type co-complex catalyst and by reducing the content of Isobutene trimer and lighter conponents in the 
intended product to 0.2% by weight or less by distillation. In addition, the content of residual organic fluorine in butene 
polymer can be reduced to a level free from any practical problem, thereby accomplishing the present invention. Fur- 
thermore, according to the present invention, the so-called butadiene raffinate, i.e. the residue of butadiene stripping 
from C4 fraction obtained by naphtha cracking, can be used intact as a starting material of isobutene. Therefore, it is 
possible to minimize the expenses for equipment investment and raw materials. 

[0025] Therefore, according to the present Invention, even when an inexpensive starting material such as butadi- 
ene raffinate containing olefins copolymerizable with Isobutene such as butene-1 is used, it is possible to produce 
butene polymer containing 80 mol % or more of molecules having highly reactive terminal vinylidene structure as well 
as low content of residual organic fluorine at low cost and high yield. 

[0026] After the reaction, distillation is performed for the purpose of removing unreacted components. However, it 
Is usually impossible to reduce the content of residual organic fluorine by such distillation for removing unreacted com- 
ponents. 

[0027] The present invention will be described in more detail. 

[0028] In Step (I) according to the present invention, the polymerization of butadiene raffinate as described above 
is carried out in a polymerization zone (reaction zone) equipped with a reactor. As the reactor, any type of reactor can 
be used optionally such as stirred tank reactor or tabular reactor can be employed. It is possible to install plurality of 
reactors in the polymerization zone. Polymerization liquid containing unreacted components, formed butene polymer 
and catalyst, is discharge from the polymerization zone. 

[0029] As the catalyst for polymerization according to the present invention, complex catalyst of t>oron trifluoride is 
employed and ether, preferaljly aliphatic ether is firstly exemplified as a complexing agent. Aliphatic ethers are those 
having 2 to 1 6 carbon atoms. More particularly, they are exemplified by dimethyl ether; methyl ethyl ether; diethyl ether: 
methyl propyl ether; ethyl propyl ether, dipropyl ether;, methyl isotxjtyl ethyl ether, and dlisotxityl ether. 
[0030] Among aliphatic ethers, particularly suitable ones as complexing agents are dialkyi ethers represented by 
the formula. R^— O— Ra- In the above formula. Ri and R2 are saturated aliphatic hydrocarbons each having 1 to 8 car- 
bon atoms; and each carbon atom bound to the oxygen atom of ether is primary carbon atom and both the R^ and R2 
may be the same or different. Specific examples of dialkyi ethers represented by the above formula include dimethyl 
ether; methyl ethyl ether; diethyl ether, methyl propyl ether; ethyl propyl ether; dipropyl ether, methyl Isobutyl ether and 
dilsobutyl ether. These dialkyi ether can be used singly or In a mixture of them In an appropriate mixing ratio. 
[0031] Secondary complexing agents used together with the above ethers are alcohols, preferably aliphatic alco- 
hols. The aliphatic alcohols are exemplified by those having 1 to 21 cart)on atoms. The alkyi groups of the aliphatic alco- 
hols may be of linear or branched chain. The specific examples include methanol, ethanol, propanol. isopropanol. n- 
butanol. tert-butanol. and iso- or n-nonanol. 

[0032] By the way. ether such as methyl tert-butyl ether; in which one of cartxjn atoms t)ound to oxygen atom is a 
tertiary cartx^n atom, easily decomposes into alcohol and olefin (in case of methyl tert-butyt ether. Into methanol and 
isobutene) during the formation of complec with boron trifluoride or during polymerization reaction. The ether which 
decomposes Into alcohol and olefin Is mentioned as alcohol in the present invention. 

[0033] In place of, or together with alcohols as the afc)Ove secondary complexing agents, water can also be used as 
a secondary complexing agent. In other words, sufficient effect can be produced in the present invention with the com- 
bination of complexing agents of ether/alcohol/water in addition to the combination of ether/alcohol and ether/water. 
Accordingly, molar quantity and molar ratio concerning alcohol and water mean hereinafter the total quantity of alcohol 
and water unless otherwise Indicated. 

[0034] In the following paragraph, ether used In boron trif luoride/ether-alcohol co-complex catalyst Is described with 
reference to dialkyi ether which is suitable aliphatic ether as represented by the foregoing formula R^— O— R2 unless 
otherwise indicated. 

[0035] The boron trif luoride/ether-ak»hol co-complex catalyst can easily be prepared according to the conventional 
methods. For example, it is prepared by blowing gaseous boron trifluoride with cooling into a mixture comprising the 
above ether and alcohol and/or water that is previously cooled below room temperature so as to attain desired coordi- 
nation molar ratio. The aimed value In coordination molar ratio can easily be calculated from the weights of ether, alco- 
hol and/or water and that of fed boron trifluoride gas. Furthermore, it is possible to form the complex in reaction system 
by separately introducing each of boron trifluoride. ether, and alcohol and/or water into the reaction zone. 
[0036] Catalyst used in the present invention is a complex, in whk;h the molar ratio of boron trifluoride. ether, and 
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' alcohol and/or water is defined by the following Equation (1 ) and x in the equation is in the range of 0.005 or more but 
less than 0.3. 

(boron trifluoride)o.5.i.v(e<her),.x:(alcohol and/or water) X Equation (1) 

' r0037] H the X In Equation (1) is 0.3 or more, it is not preferable because the content of residual organic fluorine in 
Sed bu^ene polymer increais. On the other hand, if the x is less than 0.005. it is also not preferable because the 
SSaXty of complex is lowered. It is generally possible to reduce the content of residual organic fluorine to 30 
Dom or less by employing the above-described co-complex catalyst. , xu • *• 

,0 K ^n ordeTto r^uce the content of organic fluorine remained in polymer to 10 ppm or less, the molar rabo 
Lmong boron°rmuoride, ether, and alcohol and/or water preferably meet the following Equation (2) and the x in the 
equation is in the range of 0.005 or more but less than 0.1 . 

(boron trifluoride)o.6.i.o:(e<her) i.x:(alcohol and/or water) x Equation (2) 

[00391 If the X in Equation (2) is 0.1 or more, it is not preferable because the residual organic fluorine content in 
Ked butene polymer exceeds 10 ppm. On the other hand, if the x is less than 0.005. * is also not preferable 
h^^ause the catalytic activity of complex catalyst is lowered- ^ ^ x= 

?SoT >h^ feistock used for polymerization is prepared, for example, by removing butadiene through ertracton 
L fractton discharged from cr^er of naphtha, light oil. kerosene, or butane in ethylene plant, wh^h .s hydrocar- 
Lrm^ttureTonsisting of unsaturated components such as butene-1 . butene-2. isobutene and saturated components 
o°b Ja^i More partcularly. comprises about 10 to 40% by weight of butene-1 . about 1 to 40% by we|ght of butene- 
2 ato,^?5 to by weigM of isobutene and about 0.5% by weight or less of butadiene as ""f^*;'^*,!^^^*^^^ 
an^^S 10 to 30% by weight of butanes as saturated components (100% by weight ,n total). The feedstock is not 
eSedTl^ I miti so lo.^ as composition meets this range. Thus. C4 hydrocarbon fraction containing isobutene con- 
tSSXe dS,mpoSion produTobtained from fluidized-bed catalytic cracking (FCC) P'^")- <:^^f ° ^e f e^^^^^ 
[OmT] The isotitene content in feedstock may be preferably high. The isobutene content in butadiene raffinate. 
however is at most 70% by weight. The butadiene usually exists in small amount, if any. on the level as .mpurrt.es. It is 
gS^eS^^ Alterable to control water content in starting material to 10 ppm or less because it can act as complexmg 
agert fo? Sron trif luoride in the course of reaction. If the amount of water is too large, rt is not preferable because cat- 
alvst activity is inr»aired or the content of residual organic fluorine increases. ...... 

SSaf ^he t^perature of polymerization in Step (I) is in the range of -1 00"C to ^0-C. Preferably .nthe rarjge o^ 
Uo-C to +30-C in order to carry out the reaction in liquid phase. If reaction temperature .s below -100'^ it is not 
^eSe Scause the reaction speed become low. On the other hand, if it is higher than^SO'C. .t b««m« d«|a.ttto 
S^ended products due to the occurrence of side reactions such as isomenzation or rearrangement of skeletal 

SSJn componenSof feedstock. It is preferably in the range of 0.05 to 50 mmol. more preferably 0.05 to 10 mmol. If rt |S 
^ tiSiTos mmol. reaction hardly proceeds because the quantity of catalyst is too sniall. Furthermore, flie use erf 
ISlyst more than 500 mmol is not preferable because it causes serious lowering of molecular weight as well as the 
inrrease in costs for catalyst and for after-treatment. 

^STintrolling of molecular weight in the present invention can be achieved by regulatng reajion temper- 
ature, molar ratio of ether and alcohol and/or water, and coordination number in molar rato of boron trrfluonde with 
respect to ether, alcohol and/or water, and feed quantity of catalyst. ^-^^i 
45 [OT451 The reaction can be carried out either batchwise or continuously, however, rt .s more econom cal and effi- 
cient to carry out reaction continuously in view of industrial production. In the continuous process, contact t"me of com- 
S JT^taTy^t'with feedstock is important and the contact time of boron trifluonde/ether-ateoho. f^^^JP^^^^'^J" 
Ldstock^polymerization reaction accordingtothe present invention is preferaWyin the rangeof5m.nU^^^^ 

rJSei If «.ntact time is shorter than 5 minutes, it is not possible to attain sat.sfactory conversion rate of .sobutene 
50 comoonent On the contrary, if the contact time exceeds 4 hours, large economical loss is caused and also sde reac- 
Sns such as^isomerization and rearrangement of obtained butene polymer are caused due to its prolonged contact 

time with catalyst, which are not desirable. • * x « ^ 

mSin in Jew of industrially prof rtable production of butene polymer, it is preferable that the conversicm rate of feed 
itodTsuch as isobutene component in butadiene raffinate may be high. It is possible to attain 60 to 100% conversion 
-5 rate of isobutene by employing the conditions according to the present invention. . ^. ^ ^t, 

[ZS] ^he catalyst IS partally recovered or removed from liquid reaction pr^uct that is d-scha^^ frorii reactor. 
asT stands or by an appropriate method. After that, the treated liquid is introduced into a deaclivaton tank to be neu- 
tralized and rinsed with water or alkali so as to remove complex catalyst from organic phase and only the organic phase 
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is separated and recovered. The alkalis used lor the neutralization and washing may be an aqueous solution of sodium 
hydroxide or solid such as slaked lime or gas such as ammonia as long as they can attain the purpose of deactivation 
of complex catalyst Meanwhile, in the case that catalyst is completely removed from the reacted liquid by adsorption 
with any solid substance, the above operation of neutralization or washing can be omitted. 
s [0049] It is quite important to eliminate substantially the catalyst in advance as described above in order to sup- 
press disagreeable side reaction such as isomerization of terminal vinylidene into internal olefin during the separation 
of components of specific molecular weights by distillation in Step (II). 

[0050] The butene polymer produced according to the present invention contains 80 mol % or more of molecules 
having terminal vinylidene structure represented by the following formula. 

10 

— CH2— C(CH3)=CH2 

Owing to the high content of the terminal vinylidene, the conversion rate in maleic modification or hydroformylation can 
be Improved by using butene polymer prepared according to the present invention as a starting material. For example, 

15 it is possible to produce polybutenyl succinimide through maleic mcxlification reaction in high yield. 

[0051] The butene polymer prepared according to the process of the present invention has a polymer structure tat 
is linked regularly with isobutene skeleton. The number average molecular weight (Mn) is preferably in the range of 500 
to 1 5,000 and the value of Mw/Mn as measured by gel permeation chromatography (GPC) is in the range of 1 .0 to 2.5 
and the molecular weight distribution is narrow. 

20 [0052] In Step (11) of the present invention, unreacted C4 components and low molecule polymer in butene polymer 
are removed from the reaction liquid obtained in Step (I) by distillation. As described in the foregoing, the polymerized 
liquid in which catalyst is substantially removed, is subjected to the above distillation. 

[0053] The method of distillation is not particularly limited as long as it insures reliable separation of butene trimer 
and lighter components. The distillation may be either batchwise or continuous. Furthermore, distillation can be done 

25 urrier either normal pressure or reduced pressure and steam distillation can also be employed. 

[0054] It is preferable to reduce butene trimer and lighter components remained in butene polymer to 0.2% by 
weight or less through distillation, thereby making possible to reduce residual organic fluorine content in butene polymer 
to a level on which any problem is not caused in practical uses. If the butene trimer or lighter components exceed 0.2% 
by weight, it is not preferable because effective reduction of residual organic fluorine content is difficult. 

30 [0055] The effect of distillation as described above is attributable to the fact that the residual organic fluorine is une- 
venly distributed in the butene trimer or lighter connponents. Therefore, it is difficult to reduce residual organic fluorine 
content even when the distillation is done for the purpose of separating only unreacted materials. 
[0056] As far as it is possible to reduce butene trimer or lighter components to 0.2% by weight or less, tetramer or 
heavier components can be removed together by distillation in view of the convenience of operation. 

35 

Best Method to Carry out the Emtxxdiment of the Invention 

[0057] The present invention will be described in more detail with reference to the following examples. 
[0058] Butadiene rafftnate containing isobutene (residue of butadiene extraction obtained from ethylene cracker) 
40 was used as feedstock. The composition of C4 mixture was as follows (% by weight). 



45 



Isobutene 


50.9 


Butene- 1 


23.2 


cts-Butene-2 


2.8 


trans-Butene-2 


6.4 


Isobutane 


5.4 


n-Butane 


11.3 


Total 


100.0 



55 

(Specification of Polymerization Apparatus and Metiiod of Polymerization) 

[0059] Polymerization was carried out using continuous polymerization apparatus. 



6 



EP 1026 175 A1 

^ [0060] A 2 liter reactor was used, which was equipped with inlet ports for starting material, boron trilluoride gas. 
ether, alcohol or water; arxJ an outlet port. In addition, a variable speed stirrer, low tenperature circulation cooling appa- 
ratus capable of constant temperature regulation, and indicator of polymerization temperature were attached. Further- 

* more, a deactivation tank and settling tank were connected to the outlet port. 

5 , [0061] Liquefied feedstock was fed into the reactor at a predetermined flow rate. The flow rate of feedstock was 
changed to vary contact time. 

[0062] Continuous polymerization was done by feeding boron trif luoride gas through a flow control valve and ether 
. and alcohol and/or water were fed by proportioning pump from respective inlets at predetermined flow rates. 

[0063] The conversion rate of isobutene component in butadiene raffinate was calculated from the changes in com- 
10 position of starting material and reacted liquid as determined by gas chromatography before and after the reaction. 
[0064] The reacted liquid discharged from the reactor was introduced into the deactivation tank and it was washed 
with dilute aqueous solution of sodium hydroxide until complex catalyst was neutralized. After that, the organic phase 
was separated, dried and used as a feed material for distillation. 

75 < Specification of Distillation Apparatus and Method of Distillation ) 

[0065] A vacuum pump and nitrogen line were provided to 2 liter (internal volume) batchwise distillation apparatus 
having 6 actual plate number in order to regulate pressure reduction degree and effect nitrogen seal. This distillation 
apparatus was fed with about 600g of raw material prepared in the previous process and unreacted feed materials and 
20 fraction of C12 or less were distilled off. The residual organic fluorine content In butene polymer remained in distillation 
still was measured. 

[0066] The molecular weight of butene polymers was determined by GPC and the measurement of attribution and 
quantitative determination of molecular skeleton and terminal olefin structure were conducted using nuclear magnetic 
resonance apparatus (NMR). 

25 

< Measurement of Organic Fluorine Content > 

[0067] Samples were subjected to combustion using WickbokJ apparatus and absorbance was measured by devel- 
oping the color of fluorine ton In the combustion solution with AHusson reagent. With the value of absort>ance and pre- 
30 viously prepared calitxation curb, the concentration of fluorine in the combustion solution was measured and the 
organic fluorine contents in samples were calculated. 

< Determination of Trimer and Lighter Components ) 

35 [0068] The determination of Isobutene trimer and lighter components was done by means of GPC (trade name: LC- 
1 0A, made by Shimadzu Corporation. In this apparatus, divinylbenzene-styrene copolymer Is used as stationary phase, 
and a columns packed with TSK gel G5000HXL. G4000HXL, G3000HXL and G2000HXL made by Tosoh Corporation, 
was connected. Temperature of column was maintained constant at AO'^C and Rl detector was used. 

40 < Example 1 > 

[0069] The above-mentioned feedstock was fed to the above reactor at a flow rate of 2 liter/hour, so that the average 
contact time of olefin components with complex catalyst was regulated to 1 hour. Diethyl ether (special grade reagent) 
dried with metallic sodium and ethanol (special grade reagent) dried over molecular sieves 3A were used as corhplexing 
45 agents. The respective catalyst components were continuously fed with regulating their f fow rates such that the ratio of 
boron trif luoride was 4.13 mmol to 1 mol of olefin component in feedstock and the molar ratios of boron trif luoride. die- 
thyl ether and ethanol were 0.97:0.97:0.03. Polymerization was carried out with maintaining the temperature of reactor 
at — ^10**C. As a result, the conversion of isobutene was 94%. 

[0070] Furthermore, 680 g of organic phase obtained by neutralization and water-washing of reacted liquid (resld- 
50 ual organic fluorine content: 20 ppm) was fed to a distillation tower and distillation was carried out under reduced pres- 
sure of 2 mm Hg. Compositions of respective fractions and residual organic fluorine contents of butane polymers 
remained in distillation still at the ends of respective cuts were measured, results of which are shown in the following 
Table 1. 

[0071] As being apparent in view of the table, when trimer and lighter components were almost distilled off (after 
55 the finish of fraction cut No.2). butene polymer remained in distillation still contained 0.1 1% by weight of trimer and 
lighter components and 7 ppm of residual organic fluorine. The number average molecular weight as determined by 
GPC was 1 .462 and the content of polymer molecules having terminal vinylkJene structure was 88 mol %. 
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Table 1 



Results of Example 1 




1 


2 


3 


Composition of Fraction Cut 








Dimer Component (wt.%) 


92.7 


17.6 


0.1 


Trimer Component (wt.%) 


6.4 


79.1 


2.4 


Tetramer Gorrponent (wt.%) 


0.9 


3.3 


71.0 


Pentamer Component (wt.%) 






26.5 


Organic Fluorine Content in Fraction Cut (ppm) 


103 


78 


20 


Butene Polymer in Distillation Still Content of 








Trimer and Lighter 








Components (wt.%) 


1.60 


0.11 


0.11 


Organic Fluorine Content (ppm) 


14 


7 


6 



(Example 2 > 

[0072] In Example 1 . the feed quantity of boron trif luoride relative to 1 mol of olefin component of feedstock was 
25 changed to 8.27 mmol, molar ratios of ether and alcohol and coordination motes of boron trHluoride relative to complex- 
ing agent were accordingly changed so as to regulate them to the same values as those in Example 1 , while other con- 
ditions were the same as those in Example 1, thereby canying out polymerization. The conversion of isobutene was 
95%. 

[0073] Furthermore. 650 g of organic phase obtained by neutralization and water-washing of reacted liquid (resid- 
30 ual organic fluorine content: 29 ppm) was fed to a distillation tower and distillation was canied out under reduced pres- 
sure of 2 mm Hg. The butene polymer remained in distillation stili when timer and lighter components were almost 
distilled off. contained 0.13% by weight of trimer and lighter components and 5 ppm of residual organic fluorine. The 
content of polymer molecules having terminal vinylidene structure was 94 mol % and number average molecular weight 
was 540. 

35 

(Example 3 > 

[0074] Diethyl ether in Example 1 was changed to dimethyl ether and ethanol was changed to methanol and other 
conditions were maintained the same as those in Example 1 so as to cany out polymerization. The conversion of iso- 
40 butene was 96%. 

[0075] Furthermore. 650 g of organic phase obtained by neutralization and water-washing of reacted liquid (resid- 
ual organic fluorine content: 26 ppm) was fed to a distillation tower and distillation was carried out under reduced pres- 
sure of 2 mm Hg. The butane polymer remained in distillation still when timer and lighter components were almost 
distilled off, contained 0.12% by weight of trimer and lighter components and 5 ppm of residual organic fluorine. The 
45 content of polymer molecules having terminal vinylidene structure was 90 mol % and number average molecular weight 
was 1,247. 

(Example 4) 

so [0076] Row rates were so regulated that nnolar ratios of boron trif luoride. dimethyl ether and methanol in Example 
3 were 0.97:0.99:0.01 and other conditions were maintained the same as those in Example 3 to carry out polymeriza- 
tion. As a result, the conversion of isobutene was 93%. 

[0077] Furthermore. 650 g of organic phase obtained by neutralization and water-washing of reacted liquid (resid- 
ual organic fluorine content: 32 ppm) was fed to a distillation tower and distillation was carried out under reduced pres- 
55 sure of 2 mm Hg. The butane polymer remained in distillation still when timer and lighter conrponents were almost 
distilled off. contained 0.14% by weight of trimer and lighter components and 6 ppm of residual organic fluorine. The 
content of polymer molecules having terminal vinylidene structure was 92 mol % and number average nnolecutar weight 
was 1,049. 
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' (Examples) 

[0078] In Example 1 , ethanol was changed to water and other conditions were maintained the same as those in 
Example 1 to carry out polymerization. As a result, the conversion of isobutene was 92%. 

£ • [0079] Furthermore, 620 g of organic phase obtained by neutralization and water-washing of reacted liquid (resid- 
ual organic fluorine content: 36 ppm) was fed to a distillation tower and distillation was carried out under reduced pres- 
sure of 2 mm Hg. The butene polymer remained in distillation still when timer and lighter components were almost 
. distilled off, contained 0.07% by weight of trimer and lighter components and 13 ppm of residual organic fluorine. The 
content of polymer molecules having terminal vinylldene structure was 89 mol % and number average molecular weight 

10 was 1.780. 

(Example 6) 

[0080] In Example 1 , the content of txjron trifluoride relative to 1 mol of olefin components in feedstock was 
15 changed to 0.83 mmol and continuous flow rates were so regulated that molar ratios of boron trifluoride, diethyl ether 
and ethanol were 0.96:0.85:0.15 and other conditions were maintained the same as those in Example 1 so as to carry 
out polymerization. As a result, the conversion of isobutene was 96%. 

[0081] Furthermore. 620 g of organic phase obtained by neutralization and water-washing of reacted liquid (resid- 
ual organic fluorine content: 88 ppm) was fed to a distillation tower and distillation was carried out under reduced pres- 
to, sure of 2 mm Hg. The butene polymer remained in distillation still when timer and lighter components were almost 
distilled off. contained 0.01% by weight of trimer and lighter components and 26 ppm of residual organic fluorine. The 
content of polymer molecules having terminal vinylldene structure was 91 mol % and number average molecular weight 
was 1 .258. 

25 < Comparative Example 1 ) 

[0082] In Example 1 . feeding of diethyl ether was stopped and flow rate of boron trifluoride was so adjusted that its 
ratio relative to 1 mol of olefin components of feedstock was 0.83 mmol and further the flow rate of ethanol was also 
adjusted so that the coordination molar ratio of boron trifluoride to ethanol was 0.63:1 .00. Polymerization was then car- 
30 ried out with maintaining other conditions the same as those in Example 1 . As a result, the conversion of isobutene was 
96%. 

[0083] Furthermore, 600 g of organic phase obtained by neutralization and water-washing of reacted liquid (resid- 
ual organic fluorine content: 231 ppm) was fed to a distillation tower and distillation was carried out under reduced pres- 
sure of 2 mm Hg. The butene polymer remained In distillation still when timer and lighter componerrts were almost 
35 distilled off, contained 0.02% by weight of trimer and lighter components and 93 ppm of residual organic fluorine. The 
content of polymer molecules having terminal vinylldene structure was 86 mol % and number average molecular weight 
was 913. 

Industrial Applicability 

40 

[0084] According to the present invention, even when an inexpensive reaction material such as butadiene raffinate 
containing n-butene or the like is used, it is possible to produce butene polymer containing 80 mol % or more of mole- 
cules having highly reactive terminal vinylidene structure, in which residual organic fluorine content can be reduced to 
30 ppm or less, or to a low level of less than 10 ppm. Such a butene polymer hardly generate halogen compounds when 
45 it is used as a fuel additive, consequently it is very useful as a reactive butene polymer which does not cause air pollu- 
tion. 

Claims 

so 1 . A process for producing butene polymer containing 80 mo! % or more of polymer molecules having terminal vinyll- 
dene structure and being low in residual organic fluorine content, which process comprises the following Steps (I) 
and (II): 

Step (I): to carry out polymerization In liquid phase at a tenrperature of — ^100**C to +50**C with a residential time 
55 of 5 minutes to 4 hours by introducing a starting material of C4 fraction consisting of butene-1 . txjtene-2. iso- 

butene and butanes into a polymerization zone, in which complex catalyst composed of boron trifluoride, ether 
and alcohol and/or water in a ratio of 0.05 to 500 mmol in terms of boron trifluoride relative to 1 mol of olefinic 
components In said starting material; and 
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Step (II): to reduce by distillation trimer and lighter components contained in polymer obtained in said Step (I) 
to 0.2 % by weight or less. 

2. A process for producing butene polymer in daim 1, wherein said starting material is C4 fraction comprising 10 to 
5 40% by weight of butene-1 . 1 to 40% by weight of butene-2, 35 to 70% by weight of isobutene. 10 to 30% by weight 

of butanes and 0.5% by weight or less of butadiene. 

3. A process for producing butene polymer in claim 1 , wherein said complex catalyst comprises boron trif luoride, ether 
and alcohol and/or water in the molar ratio as defined by the following Equation (1) wherein the symbol x is a 

10 numeral in the range of 0.005 or more txrt less than 0.3, thereby reducing residual organic fluorine content to 30 
ppm or less as fluorine atom. 

(boron trifluoride) 0.5.1 1 :(ether) i.x-(a'cohoI and/or water) x Equation (1) 

15 4. A process for producing butene polymer in claim 1 . wherein said ether comprises aliphatic ether having 2 to 1 6 car- 
bon atoms. 

5. A process for producing butene polymer in claims 1 or 4, wherein said ether comprises dialkyi ether (two alkyi 
groups may be the same or different ones), the umber of carbon atoms of each alkyI group is 1 to 8 and each car- 

20 bon atom bound to oxygen atom is primary carbon atom. 

6. A process for producing butene polymer in claim 1. wherein said alcohol comprises linear or branched chain 
aliphatic alcohol having 1 to 21 cartxDn atoms. 

25 7. A process for producing butene polymer in daim 1 , wherein the conversion of isobutene in said Step (1) is in the 
range of 60 to 100%. 

8. A process for producing butene polymer in claim 1 . wherein complex catalyst composed of kxwon trifluoride. ether 
and alcohol and/or water is introduced into a polymerization zone with a ratio of 0.05 to 10 mmol in terms of boron 

30 trifluoride relative to 1 mol of ol^in components of said starting material in said Step (I). 

9. A process for produdng Ixitene polymer in daim 1 , wherein the number average molecular weight of said butene 
polymer is in the range of 500 to 15,000. 

35 1 0. A process for producing txrtene polymer in claim 1 . wherein said complex catalyst comprises boron trifluoride. ether 
and alcohol and/or water in the molar ratio as defined by the following Equation (2) wherein the symbol x is a 
numeral in the range of 0.005 or vnore but less than 0.1 , thereby redudng the content of residual organic fluorine 
to 10 ppm or less in terms of fluorine atom. 

40 (boron trifluoride) o.e-n .o^C®^*^®'') i.x-(^^^o' and/or water) x Equation (2) 
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